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The yield-line theory provides a poi,;rerful tool for studying the 
flexural behavior of reinforced concrete slabs at ultimate load. The 
ductility of steel reinforcement and the plastic properties of concrete 
material constitute the basis for this theory. Therefore the applica­
tion of yield-line theory depends on full plastic behavior in the slab 
at failure; thus the slab is assumed to be under reinforced. Yield 
lines initiate at locations of maximum stress and with increasing load 
they propagate to a full yield-line pattern; at this stage the slab is 
divided into-segments and is subjected to its maximum useful load. 
However, due to strain hardening effect, the resisting capacity of the 
slab can support a slight increase in load beyond this point. This 
will follow in large deflections which ultimately results in the 
instability and collapse of the slab. Being comparatively small, the 
strain hardening effect is disregarded in yield-line analysis. This 
adds to the safety against failure. The type of loading and the 
boundary condition of the slab have an influence on the yield pattern. 
Figure 1 shows the initiation and dev_elopment of a yield pattern for a 
simply supported square slab in (a) and (b) respectively. Some yield 
patterns for different slabs are shovm in Figure 2 •. A discussion 






Initiation of Yield Pattern Development of Full Yield Pattern 
Figure 1. A Yield-line Pattern for a Simply Supported Slab 
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Figure 2. Yi�ld Patterns for Various Slabs 
The yield-line theory utilizes t�e failure mechanism for the 
analysis of slab. The slab segments are kept in equilibrium by: 
(a) applied load, (b) the yield moments acting along each line, 
4 
(c) the reaction on support line and (d) shears and twisting moments 
along yield lines. Figure 3 shows free body diagram (b) for a slab 
segment of the yield pattern (a) for a uniformly loaded and simply 
supported rectangular slab. Normally shear forces are replaced by 
equivalent forces (nodal for�es) at the ends of yield lines. The 
evaluation of nodal forces is discussed by Jones and Wood.1 The 
equilibrium of slab segments may also be explained by energy mechanism. 
When the yield pattern develops, the slab is reduced to a mechanism; 
the do-wnward movement of the applied loads due to the deflections of 
slab segments contribute energy to the mechanism. The yield lines resist 
movement of the slab segments and through their rotation absorb the 
imparted energy. Figure 4 shows the mechanism of a simply supported 
one-way slab. A solution by the energy method is obtained by equating 
the external work of the applied loads to the internal work of the 
resisting moments along the yield lines. 
The yield-line method of analysis can be applied to rectangular 
as well as non-rectangular slabs; also it predicts, with good accuracy, 
the behavior of sla.bs at failure. Therefore it provides a realistic 
estimate of the safety factor against failure; hence this method leads 
generally to an economical design. �hese are· some of the main advan­
tages of the yield-line theory over the existing classical elastic 










Rotation of yield-line= 0�+ S -e, =-8n­
=- �Ix.+ h,'/'t 
Displacement of segments A and 
B is each t:./2 
(a) (b) 
Figure 4. Mechanism of a Simply Supported One-Way Slab 
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Elastic Solution of Two-Way Slab 
A number of elastic solutions exist for two-way rectangular 
slabs. 1rlestergaard2 analysis and ACI3 code methods are some of the 
known solutions. These solutions are based on certain assumptions and 
empirical formulae. A clear theoretical basis for the extension of 
negative steel and the influence of two-way reinforcement ratio on 
moment recisting capacity of the slap is _not covered by these methods. 
They also fail to explain the true behavior of the slab at ultimate 
load. 
Development of Yield-Line Theory 
The basic principles of yield-line theory were initially devel­
oped and verified by K. w. Johansen.4 His experiments indicated that 
the theoretical values of ultimate load were 80% to 90% of test values. 
The higher values of test results are explained as being due to strain 
hardening and the presence of membrane action at relatively large 
deflections. From a practical point of view the slab is no longer 
useful once the yield-lines are formed; the effect of strain hardening 
and membrane action is therefore neglected. 
Principles for solutions of two-way slabs and the extension of 
negative reinforcement, by the yield-line theory exist.1 Also a yield­
line solution for minimum. reinforcement of simply supported two-way 
slabs is presented by Hogenstad.5 and Wood.6 
Object and Scope of Investigation 
The objective of this investigation is to_ analyz_e and determine 
a criterion for the efficient flexural reinforcement of two-way slabs 
7 
with varying dimensional ratio and varying boundaey conditions. A 
comparison will also be made with ACI code method 3 which is applicable 
for ultimate load analysis. The flexural steel of a slab is a function 
of: (a) applied load, (b) size of slab, (c) boundary conditions, (d) the 
ratio of steel in longitudinal and transverse direction and (e) assumed 
ratio of negative steel with respect to positive steel. 
In this investigation the elect�onic computer was used for 
studying the influence of varying parameters on the moment resisting 
capacity of the slab. A detailed description of the procedure used is 
given in Chapter III. 
Assumptions 
For the purpose of this investigation the following assumptions 
are made: 
1 .  The corner reinforcement at the edges of the slab is 
sufficient to prevent the formation of localized yield pattern 
at the corners as shown in Figure 5; hence yield-lines are 
assumed to extend to the corners of the slab. 
2. The supporting edges of the slab do not deflect. 
3. Slab thickness satisfies the shear and deflection 
requirements. 
4. The distribution of the reinforcement is uniform. 
In this study slabs subjected to uniform load only are consid­
ered; also·it is assumed that the reinforcement �t any two opposite and 
continuous supporfs is identical. 




An important problem involved in the analysis of slabs by yield-
. line theory is to determine the failure pattern and the true location 
of the yield-lines. From rule·s laid down for the formation of yield­
lines, 1 • 4 it is possible to know the_failure pattern of a slab. In 
some cases a slab may have more than one type of failure pattern; for 
solution of such slabs, it is necessary to test all the possible 
patterns and seek the most critical one. The analysis of slabs based 
on any yield pattern is carried out either by virtual work method or 
equilibrium method. 1• 4 , 6 
Figure 6 shows th� slabs with different boundary conditions 
considered in this investigation: (a) all sides continuously supported, 
(b) long sides continuous and short-sides simply supported, (c) one 
long side continuous and the other sides simply supported, (d) short 
sides continuous and long sides simply supported, (e) two adjacent 
sides co�tinuous and the opposing sides simply supported and (f) one 
long side simply supported and three sides continuous. For a discus­
sion of the various yield patterns involved, it is necessary to refer 
to Appendix A for the definition of symbols and notations used. 
Discussion of Yield Patterns 
The yield patterns for a two-·way slab are_ genera�ly governed by­
the parameters 0(. , � , i, • ,: , - i and i,. which are defined in '1- ) .. "T" 
Appendix A. The basic principles for the evaluation of ultimate 
10  




Figure 6. Two-Way Slab with Different Boundary Conditions 
11 
moment and the f-, parameters, that define the location of yield-lines 
1 6 for any pattern, are explained by other authors. ' The slabs 
considered in this investigation are governed by four possible 
patterns; these are patterns I, II, III and IV. Patterns III and IV 
. are actually special cases of either pattern I or II. In the following 
discussion of these patterns, · a slab with continuous supports is used; 
however other boundary conditions may ea�ily be considered. In the 
case of a discontinuous boundary, a zero value would be substituted for 
the corresponding parameter. 
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Figure 7. Yield Pattern I 
The equations applicable to ·this pattern are given by Jones and 
Wood. 1 Equations (1) , (2) and (3) define the� parameters necessary 
for locating the yield-lines of this pattern; eq�ation (4) gives the, 
value of required ultimate moment. 
where 
41 + 1, 
i I+ t 3 
ln 
\ - f,.3 (2) 
ii + 'i4-
�I+ i2 X A<A
l... �I� + (ht -, .f::_)� (3) r��i µ� h4 �4 j 
w(rJ..tf [( I 3 + M \d-.'aht _ cJ. Yi1.f"M J (4) 6 ¥�4- , 6?>4 434- � 
6,2. =- � I + i, + � I + t2. 
V . - i I + i . + i I . + i4-• �4- - � 
Sometimes it is more convenient to represent the moment, by 
. the moment coefficient k; this is defined by equation ( 4a) 
K 
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For a given slab, pattern I is applicable �-:henever equation (5) 
is satisfied. 
1'i + �2. < I (5) 
If {\ + (?2 � I other patterns should be investigated. 
Yield Pattern II 
m 
Figure·s. -Yield Pattern II 
The equations applicable to this pattern are derived in 
Appendix Band they are listed below: 
(6) 
� I + i3 �I+ i4 
�3 = ���: iJ( (8) 
(9) 
243653 ·souTH T ST ATE U IVE S ITV DBRJ\ 
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and the moment coefficient 
K (9a) 
Pattern II is applicable whenever equation (10) is satisfied 
If' f 3 + f,4- � I other patterns shou_ld be investigated. 
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This pattern is applicable if the inspection of patterns I and 
II results in equations (11) and (12) respectively. 
( 1 1 ) 
(12) 
15 
Pattern III is a special case of either one of the patterns I 
or II; therefore any one of the equations (4) or (9) may be used for 
determining the ultimate moment. However a simpler equation, that is 
only applicable to this pattern, is given below: 
m. 
and 
The intersection point �f yield-lines is defined by 







Yield Pattern IV 
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Figure 10. Yield Pattern IV 
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This pattern applies when equations (3) and (8) of patterns I 
and II give � 1 = f.;,_ = o· S and �3 = �4 = o•; respectively. 
Similar to the case of pattern III, pattern IV is also a special 
case of either pattern I or II. Also it is obvious that pattern IV is 
a special case of pattern III; this applies when the reinforcement in 
the slab is symmetrical. The ultimate moment associated with this 
pattern may be determined by use of any one of the equations (4), (9) 
or (13); however, a simpler moment expression applicable only to this 
pattern is given in equation (16). 
1-
1'n, 
W (Ci L) 
"2- 4-( ' + i�) (1 6) 
and 
k 
'2..4 ( l + f3 ) 
(16a) 
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An alternative procedure for determining the governing pattern 
may be used by applying equation (17) due to Wang. 7 
� m. + �3 Tu + � m + i+ 'm. - (I. (�.urn. + � .t1 m + � ;,nn+ i:z..LI. m,) 
> 
If Pattern I applies 
Pattern II applies 
(17) 
= 0 A choice between pattern III and IT 
should be made; this depends on 
whether the reinforcement is not or 
is symmetrical respectively. 
Selection of the Governing Pattern 
Slab (a) : All sides continuously supported ( Figure 6 • i 1 = i'l. ; i 3 = i 4-) • 
The application of various yield patterns to this slab may be 
carried out by proper substitutions of the i parameters in the 
equations associated with each pattern. Thus the application of 
pattern I to this slab gives 
and 
Therefore from equation (5), pattern I applies when f, 1 = f,>, < O • S • 
When � =- A. � 0·6 , other patterns should be investigated. Similarly l J-'2. / 
proper substitution of i "'lialue in the equations (6) and (?) of 
1 8  
pattern II give 
and 
Therefore from equation ( 1 0 )  , . pat tern II applies when /\ = f + < o • ':5 • 
When f,. = p., , 0 . 15 ,  other patterns should be investigated. Due to .3 t''+ ..,::,. - . .  
symmetrical reinforcements on .the opposite sides of the slab yield 
pattern III is not applicable for this case. Pattern IV applies to 
this slab when equation (3) gives 
and 
equation ( 8 )  -gives 
Slab ( b):  Long sides continuous and short sides simply supported 
(Figure 6 .  i ,  = i'l.-= o ; i3 -=. i41=- O ) .  
The governing yield pattern for this slab may be obtained 
through the investigation of equations applicable to the different 
patterns discussed. However , in this case, application of equation ( 1 7) 
will immediately indicate that pattern I only applies. This can be 
demonstrated by the proper substitution of i values ; this leads to 
equation (1 8) 
19 
Since the maximum limit on -the values of Ci. and M is one and t
3 
as 
well as 1't\, is always positive, it is obvious that the value of expression 
( 18 ) will always be > o .  Thus pattern I only is applicable to this 




�1..= � I + i ,  + � I +  i 2 - 2 
r = 1 1  + ,:  + � 1 + · i+ '- ( 1 , + i 3 ) 
34 3 
Slab (c) : One long side continuous and other sides simply supported 
(Figure 6 • i 1 = i 2 =- i .,,_ = O ; i 3 =I= O ) • 
Similar to slab (b),  an application of equation (17) to this 
slab proves that pattern I only applies. This is illustrated by proper 
substitution of i values which results in equation (19 ) . 
� m. + i
3
'rtl. + ·hn - 1:ll (� M m.  + L« m..  ) �  
= O  
( 19) 
Equation (·19) will always be > O sinoe (:J.. and � cannot be greater 
than one ; also t3 and 'hl, are always positive. Thus only pattern I 




V' � , + � + i i  + 1-· 2. ' r2.. = I 
'f:�+ = � I +  !3, + � I  + -t"° 
2 
Slab ( d) :  ·short sides c ontinuous and long sides simply supported 
( Figure 6 .  'f , · = i-z. , i �  = i4 = o  ) . 
A study of equations ( 1 ) and (2) of pattern I ,  with reference 
to this slab, indicates 
and 
/\ = o - s  
20 
Therefore , from equation (5) ,  pattern I applies when � 1 -=  /32. < o • ; . 
When �' :=. (\_ � o- '5 , other patterns should be investigated. Similar 
study of equations (6 ) and ( ?) of pattern II , shows 
and 
Therefore , from equation ( 1 0) ,  pattern II applies when (3'1> = {:>4- < O · t5  • 
If �� = f.,4 >o • &5  , other patterns should be inve ·sti gate d .  Due to 
/ 
symmetrical reinforcement , yield pattern III is not possible for this 
case . Yield pattern IV applies when equation (3) gives 
and equation (8) gives 
Slab (e) : Two adjacent sides · continuous and opposing sides simply 
supported (Figure 6 . i'l..= i+ = _ o ; i, 1=- ii. · ·, i3 1=- i.4- ) • 
21 
Since the support conditions at the opposite sides of the slab 
are unsymmetrical the application of equations (1 )  and (2 ) of pattern I 
give 
and 
Thus, from equation ( .5) ,  pattern I applies when r;, + f\_ < I • If 
f-', + A > I , other patterns should be investigated. Similarly, the l-'2. , 
application of equations (6 )  and (?) of pattern II give 
and 
Therefore from equation (10) , pattern II applies when p
3 
+ f>+ < ,  . 
When t), + 11. '-.... I • other patterns should be investigated. Yield ,.,� .1"'4- � 
pattern III is  applicable to this slab if the investigation of 
pattern I and II yields the following results 
� l  + �� = l 
�� + �4- = I 
Yield pattern t.v cannot apply to this case, due to unsymmetrical 
support conditions. 
Slab (f) :  One long side simply supported and three sides continuous 
( Figure 6 • i ,  =- \ t=- o ; i; :/= i a\- ·, i 4 -= o ) . 
An application of pattern I to this case indicates 
and 
22 
Therefore from equation (5), pattern I applies when f?, = �� <o • ':>  • 
It (?, = � � 0 , 5  , other patterns should be investigated. Similarly, 'l- .,,,.,. 
the application of pattern II for this slab shows that 
and 
Therefore from equation (10) , pattern II applies when �'?> -t- �4- < 1 . 
, other patterns should be investigated. Yield 
pattern III is applicable when investigation of pattern I and II 
indicate that equations ( 11 ) and (12 )  are satisfied. Yield pattern IV 
does not apply to this slab due to unsymmetrical boundary conditions on 
the long sides. 
CHAPTER III 
PROCEDURE 
The ultimate moment equations for different governing patterns 
of the slabs under consideration have been discussed in the preceding 
chapter. These equations show that for a given slab the ultimate 
moment is a function of µ , i , i , t and iL ; it is therefore ' '2. 3 'T 
presumed that a proper choice of these parameters would lead to an 
optimum solution for the flexural steel. Thus the procedure, in this 
investigation, consists mainly of determining the average total fl�xural 
steel per unit area of slab for various combinations of the parameters ; 
this is carried out for each one of the slabs considered. In each case 
the thickness of the given slab is assumed to remain constant regardless 
of the different steel ratios used. Therefore the flexural steel, in 
the direction of any span, is always proportional to the respective 
span moment; hence it is also proportional to the corresponding 
moment coefficient. In comparing amounts of flexural steels associated 
with various combinations of parameters , it is convenient to deal with 
moment coefficients. A measure of the total flexural steel T ,  per unit 
area for any given slab, is determined by equation (20) in which � is 
a dimensionless coefficient defining the extension of negative steel ; 
equation (21 ) defines the coefficient A .  The derivation of these two 




Regarding the dimensional ratio ti , for each one of the slabs 
considered, the following range of values is used : 
ti = 0. 1 , 0. 2 ,  0. 3 ,  o .4 ,  0 . 5 , o .6 ,  0 . 7 , o . a , 0.9 , 1.0. 
24 
The ranges  of values for the parameters fo1 and i , which define the 
steel ratios ,  are as  follows : 
µ = -0. 2 , o .4 ,  o :6 ,  o . s ,  1.0 
* i = 0 • .5 ,  1 . o , 1 • .5 ,  2.0 ,  2 .5 ,  3. 0. 
In practice the maximum limit on the ratio of negative to positive 
steel in the direction of a:rry span is considered to be between 1 to 2. 
The rri.aximum liroi t on the i parameters ,  based on the yield-line theory, 
is governed by the requirement that a full yield pattern should develop 
at collapse load. In this investigation a maximum limit of 3. 0 is  
used ;  the validity of  such i value, based on yield-line theory is  not 
verified. However , its use . here is intended mainly for studying the 
. 
influence of the i parameters on the average amount of flexural steel 
per unit area of slab. 
*applies to all i parameters 
25 
The analysis of this problem was studied by using the electronic 
computer. A program in Fortran IV was written so as to evaluate 
flexural steel , per unit area of slab , for all trial designs . A 
comparison of the results for each one of the slabs considered provided 
the basis for selection of efficient combinations of the parameters. 
Such selections are given in ·Table I to VI in Appendix C. A general 
flow diagram in Figure 1 1  shows clearly_ the outline of the procedure 
followed for this problem. ·A listing of the computer program for 
slab (f) is given in Appendix D; programs for other slabs are 
similar. ,  
Set initial value of 
°' -= 0. 1  
Set initial value of 
),( =  0.2 
Set initial value of 
i:, =. O . 5  
Set initial value of 
i3 -= 0 . 5  
Solve for governing pattern 
and compute k ,: A • • •  and T 
Print cl , ,A.,\ , i, , i-a.., i, , i + , 
� .  A • • • and T 
No >------- i : i + 0 . ,.,__ __ 
l 3 





Figure 1 1 .  Flow Diagram ( continued) 
CHAPTER IV 
ANALYSIS AND DISCUSSIONS 
A selection of efficient combinations (i.e. , combinations 
giving T values in the region of least possible values for T) of steel 
parameters resulting from this investigation is shown in Tables I to VI 
of Appendix C. Curves representing- T vs d , for different values of M 
are shown in Figures 1 2  to 1 7. It is noted that M has a marked 
influence on T in the region where � is relatively small. However , 
as ci approaches 1, M has no appreciable effect on T ;  the dif'rerent 
curves tend to converge as � increases. In the region where r:J.., is 
small, the low values of .AA tend to be a good choice for efficient 
design. It is also noted that the value of A ,  for each one of the 
slabs considered, vary directly with i ; however . in case of· slab (d) 
A. varies directly with i 
I • 
A study of Tables I to VI indicates that, for an efficient 
flexural steel design for a given slab, no unique combination of 
parameters exists; the results are flexible enough to allow the 
designer to select a combination of parameters that satisfies other 
considerations such as temperature, etc. 
29 
Comparison with ACI Code Method 3 
A comparison with ACI code method 3 with regard to total 
flexural steel per unit slab area is shown by means of curves in 
Figures 18 to 23 . This comparison is based on the use of ACI code 
load factors for both methods . It should be noted that the ACI code 
uses different moment coefficients with dead load and live loads . The 
ratio of dead load to live load usually . varies ; however , for the 
purpose of this comparison the live load and dead load are assumed 
equal. On this basis the flexural steel, as computed by ACI code 
method, is 2 to 2½ times the amount required by yield-line analysis • . 
The ratio of dead load to live load and the boundary conditions of a 
slab are observed to have a pronounced effect on this comparison; 
relatively small ratios �f dead load to live load yield lesser values 
of the ratio of steel by ACI method to that of yield-line method. On 
the other hand , when the continuous supports are involved, higher 
values of this ratio are obtained. It should be noted here that in 
the case of yield-line method, the negative steel was not extended 
beyond the theoretical points thus the actual comparative ratio given 
above should be slightly lower. The yield-line method, in general, 
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From the results obtained in thi s investigation the following 
conclusions a re indicated : 
l.  For low values of the slab dimensional ratio � , the positive 
s teel ratio M ha s � marked influence on the total steel per 
unit slab a rea T ;  the lower values of M result in more 
efficient reinforcemento W'ith increasing values of � the 
effect of M , compari tively, decreases ; high values of M tend 
to have the same effect on T a s  the low values . Figures 1 2  to 
1 7 support c learly this conclusion. 
2 .  In slabs where c'ontinuous supports exist , in cases of low 
values , minimum steel is as sociated with low i values at 
I 
short supports and high i values at long supports . 
3. The maxiimlm limit of 3 ,  on the i values u sed in this 
investigation, leads to efficient reinforcement in mos t  
ca ses ;  however since the validity of such value with regard 
to the development of a full yield pattern is not established, 
its use is not recommended. 
4. The coefficient of extension of negative steel A ,  for slabs 
(a) , { e) and ( f) , is mainly a function of i3 ; .M and i ,  do 
not seem to have any appreciable i nfluenc.e in this respec t .  
For slab (b) a nd ( c ) , A is obv:iously a function o f  i3 ; for 
slab (d ) it is  a function of i ,  • 
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5. The above conclusions and the - discussion in Chapter IV provide 
a brief guide line for flexural steel design; however, the 
choice of suitable combination of steel parameters can best 
be obtained from Tables I to VI. 
6. The flexural steel designed by yield-line theory is always 
more economical than that computed by ACI code method . 
44 
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DEFINITIONS AND NOTATIONS 
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DEFINITIONS AND NOTATIONS 
Definitions 
Moment key lines : The moments in a two-way slab are generally defined 
by moment key lines such  as those shown on the right of slab of Figure 
24 . The moment key line marked_ m indicates that if a yield-line is in 
the direction of that moment key line the normal moment per unit 
length along ·the yield-line is m. A solid key line implies positiv� 
bending moment , i . e . ,  it refers to tension reinforcement in bottom of 
the slab. The key lines are shown broken for negative moment; the top 
reinforcement will be in tension in this case . The position of 
reinforcement to produce the moment per unit length m is positioned 




I ( Moment Key Line) 
Mm 
(Moment Key Line) 
Figure 24. Mome.nt Key Lines 
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Ultimate moment : This is defined as maximum resisting moment per unit 
length of a yield line (neglecting strain hardening) . 
Failure load or ultimate load : · This is defined as the maximum useful 
load computed on basis of yield line theory. 
Positive yield-line : This refers to a yield-line which develops due to 
tension at the bottom of slab. 
Negative yield-line : This refers to a yield-line which develops due to 










axis of rotation 
Notations 
The notations used are the following: 
T 
I . 1 l ,l,\m 
� L I I 1 
I 
l_ 
k =  
UJ( 11- L)-i.. 
L =-
tk L  =-
"' =  �L 
4 
L 
i m 3 
_Figure 25. Notations 
m 
Moment coefficient for positive moment in 
short span; 
Long side of the slab; 
Short side of the slab; 
Ratio of short side to long side; 
48 
A �  L Extension of negative steel over short support; 
A L  Extension of negative steel over long support; 
A = Ad.L = �L
L -= Ratio of extension of negative steel to length 
� L  
m :.  
of span; 







i i" µ. m ),.i m 
i M m  
t l,�  M m  
IA m  
i m 3 
i
3 
i 3 m 
1-+m 
1,4-




Positive moment - per unit width of slab in 
long span; 
Ratio of positive reinforcGment of long span 
to that of short span; 
Negative moment capacity per unit width of 
slab at short support 1 ; 
49 
Ratio of negative reinforcement, at support 1 ,  
to positive reinforcement in long span; 
Negative moment capacity per unit width of slab 
at short support 2 ;  
Ratio of  negative reinforcement, at  support 2, 
to positive reinforcement in long span; 
N�gative moment capacity per unit width of slab 
at long support 3 ;  
Ratio of  negative reinforcement, at  support 3 ,  
to positive reinforcement in short span; 
Negative moment capacity per unit width of slab 
at long support 4; 
Ratio of negative reinforcement, at support 4,  
to the positive reinforcement in short span ; 
Total flexural steel per unit slab area ; 
Uniform load per unit slab area. 
APPENDIX B 
DERIVATION OF EQUATIONS 
1 .  Derivation of fuuations for Yield Patterns II, III and "IV 
Yield Pattern II 
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Yield pattern II is shoim in Figure 26 . The positive moments 
in the slab are m and M. m indicated by key lines ; the negative 
moments at suppor'ts 1 ,  2 ,  3 and 4 are 
-
i, M m ,  - i'2. M m, - i m and 3 
- i+ m respectively. The pattern is defined by the parameters /3 1 L 
in the direction of X-axis ; p, fk L and . (3
,.. 
°' L in the direction of 
Y-axis .· The nodal forces at· e and f are all zero since the yield-lines 
meeting at these points are governed by the same reinforcement. 
T � c,. L 




a 4 il\-m 
2 
i Mm 
d 3 iin 
� /\L � (.1- �) IMI 
� L � 
Fi�e 26 . Ultimate Moment 
·
0 
Yield Pattern II 
y 
1 � m Lx 
m 
Considering the equilibrium of element A and taking moments 
about a- d the resulting equation will be 
or 
(22 ) 
Similarly, by taking moments about b -c  for element C the resulting 
equation will be 
,u 'n1, ( I + i
,.
) = i )( l)J ( ' - r-,t C [ "3 - 'l. ( �� + /34-)] ( 2J ) 
By taking moments about c -d  for element D 
or 
Finally, by taking moments about a- b for element B 
'l.. '2. 'l.. 
- -'-x LU t Cl L - 6 .,. 
From eauations ( 22)  and ( 23 )  
or 
fl� ( I - f?,)� 
I + t ,  I + il-
p, I - f?1 
i I + � , f1 + i'J.. 
(24) 
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From equations (24) and ( 25) 
or 
�� �: 
\ + i 3 I + i: 
�3 �4 
� 1 + ,; :, �l + t:4-
From equation (26) 
or 
where 
f>,· � I + 'C ,  
ii + � , + i_l_+_t-. 2. 
Substituting the value of (\ in equation ( 22) gives 
. l-
1\1, = :: Y, 1 [ "3 - L ( I\ +  �4)] 
1 '2.  
and by substituting the value of �� from equation (27) into 
equation ( 28) 
m 
where 
'( 34- = i I + i 3 + i I + t + 
Eliminating m and w from equations ( 24) and (29) giv
e s 
'3 =. O ·  
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( 27 )  
(28 )  
The positive root of this quadratic equation is 
( 30 ) 
Finally, the substitution of this 
'2.. 
solution into equation (24) gives 
m = 6�1��� [(� 3 + + (  [�7Y -
Yield Pattern III 
63 4- y (31 ) 
� Gal. �/J 
· Referring to Figure -27 , the pattern is defined by parameters (?tl 
in the X direction and [3
3 
Ck L in the Y direction. 
1:-�  
Cl. L -h 





3 i m 
� (. 1 - f'1 )L 3 + �2.L 4 
� 
L � 
Figure 27. Ultimate Moment 
Yield Pattern III 
The equilibrium equation for element A is given by 





,i,t Tu ( l + i , ) j_ X w ( 1 - �J L _  ( 32) 
Similarly the equilibrium equation for ·element C gives 
M m ( 1 + i )  l. 
2. 2. = -'-:x W ft. L 
G 
and the equilibrium equation for B is given by 
11\, ( l + i ) + 
Similarly for element D, 
From equations ( 32)  and (33) 
or 
or 
� I + i ,  + � I + i 2.  




I - �3 f' 3  
� I + -i; + � I  + i 3 
1 1  + t 3  
�3 
� I + 'i, + ·�, + l4 
or 
f\ � I + i· 3 (38 ) 
o�+ 
Substituting the value of f?-i. in equation (33) and multiplying by CX. 
both sides , gives 
2- "l. I 1. 2-
� M lt-i. )n, =- - X lJJ � L <o 
Substituting the value of. �
3 
in equation (35) gives 
I . 2. ,  -i.. == --:X LU fX '-
6 
Combining equations (36)  and (37) 
m w Ctt w
l.. 
Yield Pattern IT 
(39 )  
(40) 
(41 ) 
Referring to Figure 28 the yield-lines , in this case , intersect 
diagonally. The segments A and C ,  B and D of this pattern are 
T 
\1' L t rr1 , M  
J_ 
1� 
4 i4 m 














-------- X w L 
'2.. 4- M ( I + i, ) 
Similarly from the equilibrium of element B 
___ I __ X W (  cl. L) 2. 
'2- l\- ( I + i4-) 
(42) 
(43) 
either one of equations (42) or (43 )  may be used for evaluating the 
ultimate moment. 
2. Extension of Negative Reinforcement 
A demonstration for obtaining an expression for the extension 
t>f negative steel, in a given slab Figure 29, is explained _ below. 
..:L 
I T  
l_ h  
T 
a 
Figure 29. Extension of Negative Steel 
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If the top steel is not carried enough into the slab a local 
failure such as shown in the above figure may occur. The negative 
yield-lines form at the end of steel extension. Therefore these lines 
will have zero strength. · It is assumed that the extension of negative 
steel at short and long supports is ,\\- and A �  L re·spectively. · The 
portion of the slab bounded by negative yield-lines at the end of 
steel extension, represents a two-way simply supported slab. Thus a 
proper extension of the negative steel should resu1t in the same m 
value for both the original slab a b  c d ,  and the part slab a ' b 'c ' d ' . 
The ultimate moment of the original slab can be expressed as k w ( <X L  )2 
where k is the moment coefficient ,  which depends upon the type of 
failure pattern that occurs in the slab. The ult�te moment for part 
slab a ' b 'c ' d ' ,  regardless of the failure pattern in the original slab, 
will always be governed by pattern I .  Using equati�n (4) , with 
values equal to zero , the ultimate moment for the part slab is 
given by 
m 
and the ultimate moment for the main slab is given by 
1-= K w( C{ L )  
(44) 
From equations (44) and (45) , elimina.�ing m and solving for gives 
or 
where 
4. q f"K ) K 
(46) 
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The coefficient for extension of negative steel for other slabs may 
be obtained in a similar manner . Thus the expressions for A relating 
to the other slabs are the following: 
Slab (b) : 
A - � ( I - R)  
where 
Slab (c ) :  
( I - R )  (48) 
where 
Slab (d) : 
where 
R 
Slab ( e ) : 
where 
Slab (£) :  
The solution for the extension of negative steel, in this case , 
results in the following expression 
(49) 
(.50 )  
A solution for A ,  in equation (51 )  may conveniently be obtained by 
trial and error nrocedure • .L 
J. Total Flexural Steel uer Unit Slab Area 
A measure of the amount of flexural steel per unit area of a 








L __ _ _ _ _ ___ _ _J 
2 
--1AL �  ( 1 - '1. ). ) L  �AL� 
� L )I 




I • k I 1- 1 "4 
: i:a.Mk - ----
i; k  
-� k 'l� 
Figure JO . Flexural Steel per Unit Slab Area 
6 1  
The total amount of positive steel S per unit area of slab is given by 
S =. K + ).( K  
The negative steel NS at . short supports , 
Similarly the negative steel NL at long supports is given by 
And the total negative steel N is defined by 




Now the amount of negative steel n per . unit area , is 
N n = ----------
Area of Slab 
A tt ?( 1:1 . .Lf K + i 2. M K  + i� K + i 4- K )  
� L X L  
Total flexural steel per unit slab area T is given by 
T = S + n 
or 
( 57 ) 
In the case of a slab with some discontinuous boundaries, T 
is obtained by substituting zero values for the corresponding 
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1 • .5 
2 .0 
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3.0 
1 • .5 
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1 . 5 
2 .0 




0 .048 0 .086 
0.040 0 .083 
0 .035 0 .083 
0 .030 0.083 
0.047 0 .095 
0 .04-0 0 .092 
0 .034 0 .090 
0 .030 0.089 
0 .047 0 . 1 05 
0 .039 0 . 1 00 
0 .034 0 .097 
0 .030 0.095 
0 .046 0 . 1 1 .5  
0 .039 0 . 1 08 
0.033 0 . 1 04 
0 .029 0 . 1 02 
0 .046 0 . 1 24 
0 .038 0 . 1 1 6  
0.033 0 . 1 1 1  
0 .029 0. 1 08 
0 .046 0 .082 
0.039 0 .080 
0.033 0 .080 
0.029 0 .080 
0 .045 0.090 
0.038 0.087 
0.032 0 . 085 
· 0 .029 0.084 
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0 . 21 
0 .21 
0 . 23 
0.25 
0 . 1 8 
0 .21 
0 .23 
0 . 2.5 




0 . 1 8 
0 . 21 
0 .23 
0 . 24 
0 .1 8 
0 . 21 
0 . 23 
0 .24 
0 . 1 8 
0 .21 
0 . 23 
0 . 24 
0 . 1 8  
0 . 21 
0 . 23 
0 . 24 
Table I (continued) 
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0 . 5 
0 . 5 
0 . 5 
0 • .5 
0.5 
0 • .5 
0 . 5 
0 .5 
0 .5 
0 • .5 
0 • .5 
0 . 5 
0 . 5 
0 • .5 . 
0 . 5 
0 . 5 
0 • .5 
0 . 5 
0 . 5 
0 • .5 
0 . 5 
0 . 5 
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0 . 5 
0 . 5 
0 • .5 
0 . 5 
0 • .5 
0 . 5 
0 . 5 
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0.044 0.097 0. 18 
0.037 0.093 0.20 
0.032 0.091  0. 22 
0.028 0.089 0. 24 
0·.042 0. 109 0. 18 
0.036 0.100 0. 20 
0.031 0.097 0. 22 
0.028 0.094 0. 24 
0.042 0.1 1 3  0. 18 
0 .035 0.106 0 . 20 
0.031 0. 1 02 0.22 
0.027 0.100 0.24 
0.044 0.079 0.18 
0.037 0.077 0.20 
0.032 0.077 0.23 
0.028 0.077 0. 24 
0.042 0.084 0. 18 
0.036 0.082 0.20 
0.031 0.080 0.22 
0.027 0.080 0. 24 
0.041 0.090 0.17 
0.034 0.087 0.20 
0.030 0 .085 0. 22 
0.027 0.084 0.26 
0.039 0.097 0.17  
0.033 0.092 0.20 
0.029 0.089 0. 22 
0.026 0.088 0. 23 
0.038 0. 103 0. 1 7 
0.033 0.097 0.20. 
0.028 0.094 0. 22 
0 .025 0.092 0. 23 
0.043 0 .075 0. 1a 
0.036 0.074 0.20 
Table I ( continued) 
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2.0 
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1 • .5 
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. 2. 5 
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k T A 
0.031 0.074 0 . 22 
0.028 0.074 0.24 
0.042 0.07.5 0 . 18 
0.035 0.074 0 .21 
0.031 0.074 0 .23 
0.027 0.074 0.24 
0.040 0.079 0.17 
0.034 0.077 0.20 
0.030 0.076 0.22 
0.026 0.076 0.24 
0.038 0.084 0 . 1 7 
0.032 0.081 0 .20 
0.028 0.079 0.22 
0.025 0.079 0.23 
0.036 0.089 0 . 1 7 
0.031 0.085 0 . 1 9  
0.027 0.083 0.21 
0.024 0 .082 0.23 . 
0.035 0.093 0.17 
0.030 0.089 0.19 
0.026 0.086 0.21 
0.024 0.085 0.23 
0.041 0.072 0.17 
0.03.5 0.071 0.20 
0.030 0.071 .0. 22 
0.027 0.071 0.24 
0.040 0.072 0.18 
0.034 0.071 0.20 
0.029 0.071 0.22 
0.026 0.071 0.24 
0.039 0.072 0.1a 
0.033 0.071 0 .• 21 
0.029 0.071 0.23 
0.025 0.071 0.24 
- 0.038 0.-072 0.21 
0.032 0.071 0 .23 
0.028 0.071 0. 25 
Table I (continued) 
µ i = i 
I 7.. 
. 0 .5 o .4 0 .5 
0 . 5 
0 . 5 
0 .5 
o •. 6 0 . 5 
0 . 5 
0 . 5 
0 .5 
o .B 0 . 5 
0 .5 
0 .5 
0 . 5 
1.0 0 .5 
0 .5 
0 .5 
0 . 5 

















2. 5  
o.4 0 .5 
0 . 5 
0 .5 








































k T A 
0.028 0 . 075 0. 17 
0.032 0.073 0.22 
0.028 0. 072 0.22 
0.025 0. 072 0.23 
0.035 0.078 0. 17 
0.030 0. 076 0. 19 
0.027 0. 074 0.21 
0.024 0.074 0. 23 
0.034 0. 082 0. 17 
0.029 0.078 0. 19 
0.026 0. 077 0. 21 
0. 023 0. 078 0. 22 
0.032 0 .085 0. 16 
0.028 0.081 0. 19 
0 . 025 0.079 0.21 
0.022 0.078 0.22 
0.039 0.069 0. 17 
0.033 0.068 0.20 
0.029 0.068 0.22 
0.038 0.069 0.1 8 
0.032 0.068 0.20 
0.028 0.068 0.22 
0 .025 0.068 0.24 
0.037 0.068 0. 18 
0.031 0.068 0.20 
0.028 0.068 0.23 
0.024 0.068 0. 19 
0.036 0.068 0. 19 
0.031 0.068 0.21 
0. 027 0.068 0. 23 
0.024 0.068 0.24 
0 .035 0.068 0.23 
0.030 ·0.068 0.21 
0.026 0.068 0.23 
· 0.036 0.070 0. 17 , 
0.031 0.069 0. 19 
0.027 0.068 0.21 
0.024 0. 068 0.23 
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Table I ( continued) 
i - i  i - i  k T A , - '2.. ·3 - ... 
o.6 o.6  0 • .5 1 .5 0.033 0.073 0. 1 6  
0.5 2.0 0.029 0.070 0. 1 9  
0. 5 2 • .5 0.025 0.070 0.21 
0 • .5 3.0 0.023 0.069 0.21 
o.8 0 . 5 1 .5 0 .• 031 0.075 0. 1 6  
0.5 2.0 0.027 0.072 0. 1 8  
0 • .5 2.5 0.024 0.071 0. 20 
O . 5  3.0 0.021 0.070 0. 22 
1 .0 0.5 1 • .5 0.029 0.078 0. 1 6  
0 • .5 2.0 0.026 0. 075 0. 1 8  
0 .5  2 • .5 0.023 0.073 0.20 
0 . 5 3.0 0.021 0.072 0.22 
0.7 0.2 2.0 1 .5 0.034 0 . 065 0. 1 9  
2.0 2.0 0.028 0.064 0.21 
2. 5 2.0 0.028 0.064 0.22 
3.0 2.0 0.028 0. 064 0.26 
1 • .5 1 • .5 0.035 0. 065  0. 1 s . 
1 .5 2.0 0.030 0. 065  0. 21 
1 • .5 2. 5 0. 033 0.064 0. 26 
o.4 0 • .5 1 . 5 0.034 0.066 0.1 7 
0.5 2.0 0.029 0.065  0.23 
0.5 2. 5 0. 026 0.065 0.21 
0 • .5 3.0 0.023 0.065 0.20 
1 .0 1 • .5 0.032 0.066 0. 1 8  
1.0 2.0 0. 028 0. 065 0.20 
1 .o  2 • .5 0.024 0. 065 0.22 
1 .0 3.0 0.022 0 . 065 0.23 
1 • .5 1 • .5 0.030 0.068 0. 1 8  
1 • .5 2.0 0 .026 0 . 065 0.20 
1 • .5 2 • .5 0.033 0.06.5 0.22 
1 • .5 3.0 0.021 0. 065 0.24 
2.0 1 • .5 0.029 0.066 0. 1 9  
2.0 2.0 0.02.5 0.06.5 0.21 
2.0 2 • .5 0.022 0.06.5 0.23 
2.0 3.0 0.020 0 . 065 0.24 
2 • .5 2.0 . 0.024 0.06.5 0.22 
2 • .5 2 • .5 0.022 0.065 0.23 
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Table I (continued) 




k T A 
I 2.. 
0 . 7 o.6 0 .5 1.5 0.031 0. 067 0. 16 
0 .5 2. 0 0.027 0. 065 0. 1 8  
0 .5 2. 5 0.024 0 .065 0. 20 · 
0 .5 3. 0 0.021 0. 065 0. 21 
o. s 0 .5 1 • .5 
- 0. 029 0. 069 0. 1 6  
0 . 5 2.0 0.025 0.067 0.18 
0 .5 2.5 0.022 0. 066 0.20 
0 .5 3.0 0.020 0. 066 0. 21 
1 . 0 1.5 0.026 0. 072 0. 1 7 
1.0 2.0 0.023 0. 069 0.19 
1 .0 2.5 0.021 0.067 0.21 
1 .0 3.0 0.019 0.066 0.22 
1 . 0 0.5 1 • .5 0.027 0.071 0. 1 6  
0 .5 2.0 0.024 0.068 0. 1 8  
0 • .5 2. 5 0.021 0. 067 0. 1 9 
0 .5 3.0 0.019 0.066 0.21 
o.s 0. 2 2.0 1 • .5 0. 032 0.061 0.19 
2.0 2. 0 0.028 0.061 0.21 
2. 5 1. 5 0.031 0.061 0.20 
2. 5 2.0 0. 027 0.061 0.22 
3.0 1 .0 0.035 
' 0.062 0. 1 7 
3. 0 1 • .5 0. 030 0.061 0.20 
3. 0 2. 0 0.026 0. 061 0.22 
3.0 2.5 0.023 0.061 0.24 
3.0 3.0 0. 021 0.061 0.25 
o.4 2. 0 1 • .5 0.027 0. 061 0. 1 9  
2.0 2.0 0.023 0.060 0.21 
o.6 0 .5 1 • .5 0.029 0.063 0.16 
0 .5  2.0 0. 025 0. 06 1 0.18 
0 . 5 2.5 0. 022 0. 061 0. 20 
0.5 3.0 0.020 0. 061 0 . 21 
1 .o  . 1 .5  0.027 0. 062 0. 1 7 
1.0 2.0 0.023 . 0.061 0 . 19 
1.0 2 • .5 0.021 0. 061 0 . 21 
1.0 3.0  · · 0 .019 0. 061 0. 22 
1 • .5 1.5 0. 02.5 6.062 0. 1 8  
1 • .5 2.0  0.022 · 0.06 1 0.20 
1 . 5 2.5 0.020 0.061 0.22 
Table I (continued) 
M 
o . 8  o .6 
o . 8  
1.0 
0.9 0 .2  
o .4 
o .6 
i = i 
I 2.. 
1 . 5  
2 .0  
2.0 
2.0 
2 .0  
2 • .5 
2 • .5 
0.5  
0 • .5 
0. 5 





1 • .5 
1 • .5 
1.5 














3. 0  
3.0 
1.5  









2 .5  




1 • .5 
2 .0  







2 .0  
2.5 














. 1 .5 
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k T \ 
0.018 0.061 0 .23 
0 .023 0.062 0.19 
0.021 0.061 0.21 
0.019 0 . 06 1  0.23 
Q .017 0 . 06 1  0 .24 
0. 020 0. 06 1  0 .22 
0 .018  0.061  0 . 23 
0.027 0 . 064 0 . 15 
0. 023 0. 062 0 . 18  
0.021 0. 061  0.19 
0. 019 0. 061  0 .21 
0.024 o . o63 0.17 
0 . 021 0. 062 0 . 19  
0.019 o . o6 1  0 .21 
0.018 0.061 0 .22 
0 .022 0.062 0 . 18 
0 . 020 o.o62 0 .20 
0 .032 0 .061  0.22 
0 .030 0 . 061  0 .23 
0.025 0.065 0 . 1.5  
0. 022 0 .063 0 . 17 
0.020 0. 062 0 .19 
0.036 o . o61 0 . 20 
0 .037 0 . 060 0 . 16 
0.036 0.059 0 .16 
0 .034 0. 058 0 .17 
0.033 0. 0.58 0 . 18  
0.026 0 . 0.57 0.18 
0 . 025 0 .056 0.19 
0. 022 0.0.56 0 .21 
0 .023 0.0.56 0 .20 
0. 021 0.0.56 0.22 
0. 022 0 . 056 0.21 
0. 020 0 .056 0.22 
- 0. 020 0. 0.56 0 .20 
0. 018 0.0.56 0 .22 
0.021 0. 056 0 . 19 
Table I (continued) 
µ i =- i I "2,. 
.0. 9 o .6 2.0 
2.0 
2 • .5 
2.5 
2 • .5 
3.0 
3.0  
o . a  1 .0 
1 .0 
1 .5 
1 • .5 
1 . 5 
1 • .5 
2.0 
2.0 
1 .0 1 .o 
1 .0 
1.0 
1 .0  
1 .5 
1 .5 




2 • .5 
2 • .5 
2.5 
o .4 1 .5 





2 • .5 
2 • .5 
































1 • .5 
2.0 
1 .0 




1 • .5 
2.0 




0.01 9 0.0.56 0.21 
0.01 7 0.0.56 0.23 
0.020 0.0.56 0.20 
0.01 8 0.056 0. 1 8  
0 .• 01 6 0. 0.56 0.23 
0·.01 9 0.0.56 0.21 
0.01 7 0.0.56 0.23 
0.022 0.057 0.1 7 
0.01 8 0.056 0.20 
0. 020 0. 057 0. 1 8  
0.01 8 0.0.56 0.20 
0.01 7 0.0.56 0.21 
0.01 .5 0.0.56 0.23 
0.01 7 0.0.56 0.21 
0.01 5 0.0.56 0.22 
0.020 0.058 0.1 7  
0.01 8 0.057 0.1 9  
0.01 7 . 0.0.56 0.20 
0.01 5 0.056 0.21 
0.01 5 0. 056 0.21 
0.01 4 0.056 0.22 
0.035 0. 057 0. 1 6  
0.034 0.0.56 0. 1 7  
0.029 0. 055 - 0. 1 9  
0 .• 025 0. 055 0.21 
0.032 0.055 0. 1 7 
0.027 0.055 0.20 
0.024 0.055 0.22 
0. 024 0.053 0. 1 8  
0.022 0.0.53 0.20 
0.026 0.053 0.17 
0.023 0.0.53 0. 1 9  
0.028 0.0.53 0.21 
0.01 8 0.053 0.23 
0.025 0.052 0. 1 8  
· 0.022 0.052 0. 20 
0.01 9 0.052 0.22 
0.023 0.052 0. 1 9  
0.020 0.052 0.21 
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Table I (continued) 
i -=  i \ = i+ k T A I '2-
1 .0 o.4 3.0 2.0 0.01 8 0.052 0.23 
o.6 1 . 5 1 �5 0.021 0.052 0 .1 8  
1 .5 2.0 0.01 9 0. 052 0.20 
1 .5 2.5 - 0�01 7 0.052 0.22 
2.0 1 .0 0.022 0. 052 0.1 a 
2.0 . 1 .5 0.01 9 0.052 0.20 
2.0 2.0 0.01 8 0. 052 0.21 
2.0 2.5 0.01 6 0.052 0.22 
2.5 1 .0 0.020 0. 052 0.1 9  
2. 5 1 .5 0.01 8 0.051 0.21 
2.5 2.0 0. 016 0.052 0.22 
2.5 2 • .5 0.01 5 0. 052 0.23 
2.5 3.0 0.01 4 0.052 0.24 
3.0 0. 5 0.022 0. 052 0.1 8 
3.0 1 .0 0.01 9 0.052 0.20 
3.0 1 . 5 0.01 7 0.051 0.22 
o. 8 1 .0 2.0 0.01 8 0.052 0.1 9  
1 .0 2.5 0.01 7 0.052 0.20 
1 .0 3.0 0.01 .5 0.052 0.21 
1 .5 1 .5 0.01 9 0. 052 0.1 8 
1 . 5 2.0 0.01 7 0. 052 0.20 
1 .5 2 • .5 0.01 5 0.052 0.21 
1 . 5 3.0 0.01 4 0.052 0.22 
2.0 1 .5 0. 01 7 0.051 0.20 
2.0 2.0 0.01 .5 0.051 0.21 
2. 0 2 • .5 0.01 4 0.052 0.22 
2.0 3.0 0.01 3 0.052 0.23 
2. 5 0.5 0.020 0. 052 0.1 7 
2. 5 1 .0 0.01 7 0. 052 0.1 9 
2. 5 1 .5 0.01 6 0.051 0.21 
2. 5 2.0 0.01 4 0.051 0.22 
2. 5 2. 5 0.01 3 0.052 0.23 
2. 5 3.0 0.01 2 0.052 0.24 
3. 0  0 .5  0.01 8 0.052 0.1 9  
3.0 1 .0 0.01 6 0.0.52 0.20 
3. 0  1 • .5 0.01 5 . 0.051 0.22 
3. 0 2.0 0.01 3 0.051 0.23 
3.0 2� .5 0.01 2 0.052 0.24 
3.0  3.0 0. 01 2 0. 0.52 0.25 
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Table I (continued) 
i = i  t� =i4 k T \ I '2.. 
1 .0 1 .0 0.5 3.0 0.01 6 0 .052 0. 1 9 
1 .0 2.0 0.01 7 0.052 0 . 1 8 
1 .0 2.5 0. 0 1 5 0.052 0.20 
1 .0 3.0 0. 0 1 4  0.052 0.21 
1 • .5 1 .0 0.019 0.052 0. 1 8  
1 • .5 2.0 � 0.01 5 0.051 0. 20 
1 . 5 2. 5 0.01 4 0.051 0 .21 
2.0 1 .0 0.01 7 0.052 0. 1 8  
2.0 1 . 5 0. 01 5  0.051 0. 20 
2.0 2. 0 0. 01 4  0.051 0 .21 
2.0 2.5 0.01 3 0.052 0.22 
2.0 3. 0 0. 01 2  0.052 .0 . 23 
2. 5 1 .0 0. 0 1 5 0.052 0 .20 
2.5 1 .5 0.01 4 0. 051 0.21 
2 .5  2.0 0.01 3 0.051 0.22 
2. 5 2.5 0.01 2 0.052 0 .23 
2. 5 3.0 0. 0 1 1  0 .052 0.24 
3.0 0.5  0.01 6 0.052 0. 1 9  
3.0 1 .0 0.01 4 0.052 0.21 
3.0 1 . 5 0.01 3 . 0. 052 0.22 
3.0 2.0 0.01 2 0.052 0.23 
3. 0 2.5 0.01 1 0.052 0 .24 
3.0 3.0 0. 01 0 0.052 0.25 
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k T A 
0. 1 0.2 1 .5 0.048 0.085 0. 18 
2.0 0.040 0.083 0.21 
2. 5 0.035 0 . 082 0.23 
3 .0 0 .030 0.082 0.25 
o .4 1 .5 0 .048 0 . 093 0. 1 8  
2. 0 0.040 0. 090 0. 21 
2. 5 0.034 0.088 0. 23 
3.0 0.030 0.087 0.25 
o .6 1 . 5 0 .047 0. 1 02 0. 1 8  
2.0 0 .040 0.097 0. 21 
2 . 5 0 .034 · 0.094 0. 23 
3.0 0.030 0.093 0 . 25 
o.8 1 . 5 0 .047 0. 1 1 0  0. 1 8  
2.0 0 .039 0. 1 04 0. 21 
2. 5 0.034 0. 1 00 0. 23 
3.0 0 .030 0.098 0.25 
1 .0 1 . 5 0 .046 0. 1 1 9  0 . 1 a  
2.0 0.039 0. 1 1 1  0 . 21 
2 • .5 0 .034 0. 1 06 0. 23 
3.0 0.029 0. 1 03 0. 25 
0.2  0 .2  1 . 5 0.047 0 . 082 0. 1 8  
2 . 0  0.039 0.080 0 . 21 
2 • .5 0 .034 0.080 0. 23 
3 . 0  0 .030 . 0 .080 0. 25 
0 .4 1 .5 0.046 0.085 0.18 
2 . 0  0.038 0. 086 0. 21 
2 • .5 0 .034 0.085 0 . 23 , 
3 .0 0 .029 0 .084 0. 25 
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Table II (continued) 
ii = ,:4- k T "-
. 0.2  o .6 1. 5 0.045 0 . 096 0. 18 
2.0  0 .038 0 .092 0.21 
2 . 5 0 .032 0. 090 0. 23 
3 . 0  0 .029 0 .089 0.25 
0 .8 1 . 5 0.044 0. 103 0 . 18 
2.0 0 .037 0.098 0.21 
2.5 0 .032 0 . 100 0 .23 
3 . 0  0.028 0.093 0 . 25 
1 .0 1 .5 0 .043 0. 1 10 0. 18  
2 .0  0 .036 0. 1 04 0.21 
2 . 5 0 . 032 0 .• 1 00 0 .23 
3 . 0  0 .028 0. 097 0.25 
0 .3  0 . 2 1. 5 0 .045 0 .079 0. 18 
2.0 0 .038 0. 078 0.23 
2.5 0 .033 0. 078 0.23 
3.0 0 .029 0.078 0.25 
o .4 1 . 5 0.044 0.085 0. 18  
2.0 0. 037 0 .082 0.21 
2.5 0 .032 0. 081 0 .23 
3 .0 0. 029 0 .081 0.25 
o .6 1 . 5 0.042 0.091 0 . 1 8 
2 .0  0 .036 0.087 0 . 21 
2 . 5 0.031 0 . 086 0 .23 
3 .0 0 . 027 0 . 085 0.25 
o . a  1 . 5 0 .041 0.097 0.1 8 
2.0 0 .035 0 .092 0. 21 
2.5  0.030 0 . 090 0.23 
3 . 0  0 . 026 0 . 092 0.25 
1.0 1 • .5 0 .040 0 . 103 0 . 1a 
2 .0  0 .034 0 . 097, 0 . 21 
2 • .5 0 .030 0 . 094 0 .23 
J . O 0 .026 0 . 092 0 . 25 . 
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Table II (continued) 
i3 = i4- k T 
o.4 0. 2 1 • .5 0.044 0.077 0.18 
2.0 0.037 0. 076 0. 21 
2. 5 0.032 0. 076 0.23 
3.0 0.028 0. 076 0 .25 
o .4 1 • .5 0.042 0.081 0.18 
2.0 0.03.5 0.079 0.21 
2. 5 0.031 0.078 0. 23 
3.0 0.027 0. 078 0.2.5 
o.6 1.5 0.040 0.086 0.18 
2.0 0.034 0. 083 0 .21 
2. 5 0.030 0.082 0.23 
3.0 0.026 0.081 0.2.5 
0. 8 1 • .5 0.039 0. 091 0.18 
2.0 0.033 0.087 0 .21 
2. 5 0.029 0.085 0.23 
3.0 0.025 0.084 0.2.5 
1.0 1.5 0.037 0.095 0.18 
2.0 0.032 0.091 0 .21 
2. 5  0.022 0.086 0.23 
3. 0 0.02.5 0.087 0 .25 
0 • .5 0. 2 1 • .5 0.042 0.074 0.18 
2.0 0.036 0.073 0.21 
o.4 1.5 0.040 0.077 0.18 
2.0 0.034 0.076 0.21 
2 • .5 0.029 0.075 0. 23 
o .6 1 • .5 0.038 0.081 0.18 
2.0 0.032 0.078 0.21 
2 • .5 0.028 0.077 0.23 
3.0 0.025 0.077 0.25 
0. 8 1 • .5 0.036 0.085 0. 1a 
2.0 0.031 0.082 0. 21 
2 • .5 0.027 . 0.080 · 0.23 
3.0 0.024 o. oso 0. 25 
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Table II (continued) 
i; = i4 k T 
0 . 5  1 . 0 1 . 5 0.035 0 . 089 0 .1 8 
2.0  0.030 0 .085 0 .21 
2. 5 0.026 0.083 0.23 
3.0 0.023 0.082 0 .25 
o.6 0 . 2  ·1 .5 0.041 0.072 0 . 1 8  
2.0  0 .035 0.071 0.21 
2.5 0.030 0.072 0.23 
o .4 1 .5 0.038 0 .074 0 .1 8  
2.0 0 .032 0 . 073 0 . 20 
2. 5 0.028 0 . 072 0 .23 
o.6 1 . 5 0.036 0 . 077 0 . 1 8  
2.0 0.031 0.075 0 .21 
2.5 0.027 0.074 0 .23 
3.0 0.024 0 .074 0 . 25 
0. 8 1 .5 0.034 0 . 080 0.1 8 
2 .0 0.029 0 .077 0 .21 
2 • .5 0 .026 0.076 0 . 23 
3. 0 0.023 0.076 0 . 25 
1 .o  1 • .5 0.032 0.083 0.1 8  
2.0 0. 028 0 . 080 0.21 
2.5 0.025 0.078 0 .23 
3.0 0. 022 0. 077 0.25 
0. 7 0.2 1 • .5 0. 040 0.070 0.1 8  
2. 0 0. 034 0.069 0 . 21 
o.4 1 . 5 0. 036 0. 071 0 . 1 8 
2.0 0.031 0 . 070 0 .21 
2 • .5 0.027 0.070 0 . 23 
3. 0 0.024 0 . 070 0.25 
o.6 1 . 5  0.034 0.073 0 . 1 8 
2. 0 · 0 ,. 029 0.071 0 . 21 
2 • .5 0 .026 0. 071 0 . 23 
3.0  0 . 023 0. 071 0.25 
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Table II {continued) 
CL M -Z:3 = i4 k T 
0. 7 o. 8 1.5 0.032 0.075 0.18 
_2.0 0.028 0.073 0.21 
2. 5 0.024 0. 072 0.23 
3.0 0.022 0. 072 0.21 
1 . 0 1 .5 0. 030 0. 077 0. 1 8  
2.0 0.026 0. 075 0.21 
2. 5 0.023 0.076 0.23 
3.0 0.021 0.073 0.25 
o. 8 0.2  1 .5 0.039 0. 067 0.1 8 
2.0 0.033 0. 067 0.21 
o .4 1 .5 0.035 0. 068 0.18 
2.0 0.030 0.067 0.21 
2. 5 0.026 0.067 0.23 
o .6 1.5 0.032 0.069 0.18 
2.0 0.028 0.068 0.21 
2. 5 0.024 0. 067 0.23 
o. 8 1 .5 0.030 0.070 0.1 8 
2.0 0.026 0.069 0.21 
2. 5 0.023 0.068 0.23 
3.0 0.021 0.068 0.25 
1 . 0 1 . 5 0.028 0.072 0. 1 8  
2.0 0.025 0.070 0.21 
2. 5 0. 022 0. 069 0.23 
3.0 0.020 0.069 0.25 
0.9 0.2 1 • .5 0.037 0.06.5 0. 1 8  
2. 0 0.032 0.065 0.21 
0.1+ 1 . 5 O.OJ3 0. 065 0. 1 8  
2.0 0.029 0.064 0. 21 
2 • .5 0.025 0. 065 0.23 
o.6 1 . 5 0.030 - . 0. 065 - 0. 1 8  
2.0 0.026 0. 064 0. 21 
·2. 5 0.023 0. 064 0.23 
3.0  0.021 0.065 0.25 
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Table II (continued ) 
i., :: i4- k T 
0 .9 o . s  1 .5 0 .028 0 . 066 0. 1 8  
2 .0  0 . 025 0.065 0.23 
2 . 5  0 .022 0 . 065 0.25 
3 .0  0 .022 0 . 065 0 . 26 
1 . 0 1 . 5 0 �026 0 . 067 0 . 1 8 
2 . 0  0 .023 0 . 066 0 .21 
2 . 5 0 .021 0 .065 0 . 23 
3 .0  0 .01 9 0 . 065 0. 25 
1 .0 0.2  1 . 5 0.036 0 . 063 0. 1 8  
2 .0  0 .031 0.063 0.21 
o .4 1 .5 0.032 0 . 062 0. 1 8  
2.0 0 .027 0.062 0.21 
2 . 5  0 .024 0 . 062 0.23 
o .6 1 .5 0 .029 0 .062 0 . 1 8  
. 2 .0  0 . 02.5 · 0 . 06 1  0 .21 
2 . 5  0 . 022 0 . 06 1  0.23 
o .B 1 . 5 0 .026 0 . 062 0. 1 8  
2.0 0 .023 0.06 1  0.21 
2.5 0 .021 0 .06 1  0.23 
1 . 0 1 .5 0 .024 0 . 062 0. 1 8  
2 .0  0 .022 0 .062 0.21 
2. 5 0 .01 9 0 .062 0.23 
3.0  0 .01 8 0.062 0.25 
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Table III. Efficient Combinations of Steel Parameters for Slab ( c )  
T 
L(. L  
1 
fer-- L � 
tl 
i1=t 0 
k T 1-+-= 0 
0 . 1  0 .2  1 • .5 0.072 0. 11 1 0 .22 
o .4 1 • .5 0. 071 0 . 1 23 0 .22 
2.0 0.064 0. 1 23 0.27 
o .6  1. 5 0.070 0. 1 36 0.22 
2.0 0.063 0. 1 34 0.27 
2.5 0 .057 0 . 1 34 0.30 
o .B  1 .5 0.069 0 . 148 0 .22 
2.0 0.062 0 . 145 0.27 
2 .5 0 .056 0. 1 44 0.30 
1 .0 1 • .5 0.069 0. 160 0.22 . 
2.0 0.062 0 . 1.56 0.27 
2 • .5 0 .056 0 . 1.56 0 .30 
3.0 0.0.51 0 . 1.54 0.33 
0 .2  0 .2  1 .5 0.069 0. 1 07 0 .22 
2.0 00062 0. 108 0.27 
o.4 1.5 0.067 0 . 1 1 6  0.22 
2.0 0.060 0. 1 1 7 0.27 
o.6 1 .5 0.065 0. 1 27 0 .22 
2.0 - 0.0.59 0. 1 26 0.27 
2 .5 0.054 0. 1 26 0.30 
o . s  1 . 5 0.064 0. 1 37 0 .• 22 
2.0 0.058 0 .135 , 0. 27 
2.5 0.0.53 0 . 134 0. 30 
1 .o 1.5 . o·.063 o . 147 0. 22 
2.0 0.0.57 0. 1 43 0.27 
- 2 .5 0.0.52 0. 1 42 0.30 
81 
Table III (continued) 
i1 1=- 0 k T 1-4 = 0 
0. 3 0. 2 1 . 5 0.067 0. 1 02 0.22 
o .4 1 .5 0. 063 0.1 1 0  0 .22 
2.0 0.057 0.1 1 0  0 .27 
o .6 1 . 5 0.061 0 . 1 1 a 0.22 
2.0 0.055 0 . 1 1 8  0.27 
o .B 1 .5 0 .059 0 . 1 25 0.22 
2.0 0.0.53 0 . 1 25 0 . 27 
1 .o 1 • .5 0.0.57 0 . 1 34 0.22 
2.0 0.0.52 0. 1 32 0 . 27 
2 • .5 0.048 -0. 1 32 0 .30 
3.0 0.044 0 .1 32 0 .30 
o.4 0 .2  1 . 5  0.064 0 .098 0 . 22 
o .4 1 .5 0.060 0 . 1 04 0 . 22 
o.6 1 .5 0 .057 0 .1 1 0 0 . 22 
2.0 0 .052 0 . 1 1 0  0 . 27 
o.a 1 • .5 0 .055 0. 1 1 7 0 .22 
2.0 0.046 0 . 1 1 6  0 .33 
2.5 0.042 0 .1 1 6  0 .33 
1 .0 1 .5 0.053 0. 1 23 0 . 22 
2. 0 0.048 0. 1 21 0.27 
2 . 5 0.046 0. 1 21 0 . 30 
0 .5 0.2 1 .5 0.061 0 .094 0 .22 
o.4 1 • .5 0 .057 
0.098 0.22 
o .6 1 • .5 0.053 
. 0. 1 03 0.22 
o.a 1 • .5 0.,0.50 
0. 1 08 0.22 
2.0 0.046 0� 1 07 0.30 
2 • .5 0.042 0. 1 08 0.33 
1 . 0 1 • .5 0.048
 0. 1 1 3 0.22 
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Table III ( continued) 
\ , 0 k T A 1- 4- =.. 0  
0.5 1 .0 2. 0 0.044 0. 1 1 2 0. 27 
2.5  0.041 0. 1 1 2 0.30 
o .6 0.2 1 .0 0.066 0.091  0. 1 7  
1 . 5 - 0.059 0.091 0.22 
o.4 1 .5 0.0.54 0. 093 0.22 
o.6 1 . 5 0.0.50 0.096 0.22 
o.8 1 . 5 0.047 0 . 1 00 0.22 
2.0 0.043 0. 1 00 0.27 
1 .0 1 .5 0.044 0. 1 03 0.22 
2.0 0.041 0. 1 03 0.27 
0.7 0.2  1.0  0.064 0.087 0. 1 7  
1 . 5 0.057 0.087 0.22 
o .4 1 . 5 0.051 0.088 0.22 
o .6 1 • .5 0.046 0.090 0 .22 
o .a 1 .5 0.041 0. 092 0 .22 
1 .0 1 . 5 0.041 0 . 095 0 .22 
2.0 0.037 0. 095 0 .27 
o . a  0.2  1 .0 0.06 1  0.084 0. 1 7  
1 . 5 0 . 0.55 0.084 0.22 
o .4 1 . 0 0.053 0.083 0. 1 7  
1 . 5  0.048 0.083 0.22 
0 .9 1 • .5 0.048 0.084 0.22 
o .s  1 • .5 0.040 0 . 085 0.22 
1 .0 1 .-5 0.037 0. 087 0.22 
2.0 0.034 0 . 087 0.27 
Table III (continued) 
- \ :t:. o 
k T t+-= 0 
· 0 .9 0.2  1 .0 0 .059 0.080 0. 1 7  
o.4 1 .0 0.050 0.079 0. 1 7  
1 . 5 o _.045 0.079 0 .22 
o .6 1 .0 0.045 0.079 0. 1 7  
1 .5 0.041 0.079 0 . 22 
o . s 1 .5 0.037 0.079 0 .22 
1 .0 1 . 5 0.034 0.080 0. 22 
1 .0 0. 2  1 .0 o.o,56 0.077 0. 1 7 
o.4 1 .0 0.047 0.074 0 . 1 7 
o.6 1 .0 0.042 0 .074 0. 1 7  
1 .5 0.038 · 0. 074 0.22 
o . s  1 .0 0.037 0.074 0. 1 7 
1 .5 0.034 0.074 0.22 
1 .0 1 .0 0.034 0.076 0. 1 7 
1 .5 0.032 0.074 0.22 
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Table IV. Efficient Combinations of Steel Parameters for Slab (d) 
T 
L --4 
� µ. i, = i 2. k T 
0.1 0.2 0 • .5 0. 1 17 0. 143 0.09 
o.4 0 .5  0. 1 14 0. 166 0.09 
o.6 o .s 0. 1 12 o . 1 s5 0.09 
o.B 0 .5 0. 1 10 0.206 0.09 
1.0 0 • .5 0. 109 0. 227 0.09 
0 .2 0. 2 0 • .5 0. 1 10 0. 134 0.09 
o.4 0 • .5 0. 105 o. 1.50 0.09 , 
o.6 0 .5 0. 100 0. 166 0.09 
o. s 0 • .5 0.097 o. 1a2 0.09 
1.0  0 • .5 0.094 0. 197 0 . 09 
0. 3 0.2 0 • .5 0. 103 0. 126 0 .09 
o .4 0 • .5 0.096 0. 137 0.09 
o .6 0 • .5 0.090 0. 149 0.09 
o. s 0 • .5 0.086 0. 161 0.09 
1.0  0 . 5  0.082 0. 172 0.09 
o.4 0.2 0 • .5 0.097 0 . 1 18 0.09, 
1.0 0.093 0. 1 1 6  0. 15 
1 • .5 0.090 0. 1 18 0 . 1 s  
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Table IV (continued) 
i, -= i 2. k T A 
o .4 o .4 0 . 5 0 .088 0 . 1 26 0 .09 
1 .0 0 .083 0 . 1 26 0 . 1 5 
0 �6 0 .5  0.081 0 . 1 34 0 .09 
o .8 0 • .5 0 .076 0 . 1 42 0 .09 
1 .0 0 .5 0 .072 0 . 1 .50 0 .09 
o . s  0.2  1 .0 0 .091 0 . 1 09 0 .09 
1 .5 0 .087 0 . 1 09 0 . 1 5 
o .4 1 .0 0 .075 0 . 1 1 4  0 . 1 5 
o .6 1 .0 0 .067 0. 1 1 9  0 . 1 5  
o .8  1 . o  0 .061 0 . 1 24 0 . 1 .5 
1 .0 1 .0 o .o,56 0 . 1 29 0 . 1 5 
o .6 0 .2  1 .5 0 .077 0 . 1 01 0 . 1 .5 
2.0 0 .076 0 . 1 01 0 . 1 a 
2 .5 0 .071 0 . 1 01 0 .21 
o .4 1 .0 0 .068 0 . 1 03 0 . 1 .5 
1 . 5 0 .063 0 . 1 03 0 . 1 8 
2.0 0 .060 0 . 1 0 3  0 . 21 
o .6 1 .0 0 .060 0 . 1 06 0 . 1 5 
1 • .5 0 .055 0. 1 06 0 . 1 8 
o . a  1 .0 0 .053 0 . 1 09 0 . 1 .5 
1 . 5 0.049 0 . 1 09 0 . 1 a 
1 .0 1 .0 0 .049 0 . 1 1 1 0 . 1 8 
> .  7 0 . 2  1 .5 0 .071 0 .093 0 . 1 8  
2. 0 ·0 .067 0 .092 0 . 21 
2. 5 0 .064 0 .092 
0 . 23 
3 .0  0 .062 0 .092 . 0 . 2.5 
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Table IV ( continued) 
i, = i z. k T 
. 0. 7  o.4 1. 5 0.057 0.092 0. 1 8  
2. 0 0.053 0.092 0.21 
o.6 1. 5 0.048 0.093 0. 18 
2.0 ·- 0.046 0.093 0.21 
o. s 1 • .5 0.042 0.094 0.18 
2.0 0.038 0. 095 0.21 
1.0 1.0 0.042 0. 096 0. 15 
1.5 0.038 0.096 0. 18 
2.0 0.034 0.096 0.21 
o. s 0.2 1. 5 0.066 0.086 0. 18 
2.0 0.062 0.085 0.21 
2 • .5 0.059 0.084 0.23 
3.0 0.056 0.084 0.2.5 
o.4 1 • .5 0.051 0.083 0. 18 
2.0 0.047 0.082 0.21 
2. 5 0.046 0.082 0.23 . 
3.0 0.061 0.082 0.2.5 
o.6 1.5 0.043 0.082 0. 18 
2.0 0.039 0.082 0.21 
2. 5 0.036 0.082 0. 23 
o. s 1.5 0.037 0.082 0. 18 
2.0 0.033 0.082 0.21 
2 . 5 0.030 0.082 0.23 
1.0 1 • .5 0.032 0.082 0.1a 
2.0 0.029 0.082 0.21 
0.9 0. 2 1 . 5  0.061 0.080 0. 18 
2.0 0.057 0.078 0. 21 
2 • .5 o .o.54 0.077 0.23 
3.0 9.051 0.076 0.25 
o.4 1 .5  0.046 0.075 0. 18 
2.0 0.042 0.073 0.21 
2. 5 0.039 0.073 0.23 
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Table IV ( continued) 
i, = 12 k T 
o .4 0.036 0.9 3.0 0.073 0.25 
o.6 1 .5 0.038 0.073 0. 18  
2.0 0.036 0.072 0.21 
2. 5 0.031 0. 072 0.23 
3.0 0.029 0.072 0.25 
o . s  1.5 0.032 0.072 0. 18  
2.0 0.029 0.071 0.21 
2 • .5 0.026 0.071 0.23 
3.0 0.026 0.072 0.2.5 
1.0 1 .5 0.028 0.071 0. 18 
2.0 0.025 0.071 0.21 
2. 5 0.022 0.071 0.23 
1.0 0.2  1 .5 0.0.56 0.074 0. 1.a 
2.0 0.053 0.072 0.21 
2. 5 0.049 0.071 0.23 
3.0 0.046 0.071 0.28. 
o.4 1.5 0.042 0.068 0. 18  
2.0 0.038 0.066 0.21 
2 • .5 0.035 0.065 0.23 
3.0 0.032 0.06.5 0.26 
o.6 1.5 0.042 0.070 0. 18  
2.0 0.030 0.063 0.21 
2. 5 0.027 0.063 0.23 
3.0 0.025 0.063 0.25 
o.8 1.5 0.028 0.063 0. 18  
2.0 0.025 0.062 0.21 
2.5 0.023 0.062 0.23 
3.0 . 0.021 0.062 0.25 
r. o 1.5 0.024 0.062 0. 1 8  
2.0 0.022 0.061 0.21 
2.5 0.019 0. 061  0.23 
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Table V. Efficient Combinations of Steel Parameters for Slab (e ) 
T 
o. L  
1 
� L ---'i 
i 1 -=1=. o  �J :t:. 0 k T i =.o -1 1.4- =. 0  
0 . 1  0 . 2 0 .5 1 .5 0 .072 0 . 1 1 2  0 . 22 
o .4 0 .5 1 . 5 0 .070 0 . 1 25 0 .22 
o .6 0 .5 1 .5 0 .069 0 . 1 39 0 . 22 
0 .5 2.0 0 .062 0 . 1 37 0 . 26 
0 .5 2 .5 0 .057 0. 1 38 0 . 30 
o . a  0 • .5 1 .5 0 .069 0 . 1 .52 0 . 22 
1 .0 0 .5 1 . 5 0 .068 0 . 1 66 0 . 22 
0 .5 2 .0 0 .061  0 . 1 62 0 .26 
0 • .5 2 .5 0 .055 0 . 1 60 0 . 29 
0 . 2  0 . 2  0 • .5 1 . 5 0 .069 0 . 1 06 0 .22 
o .4 0 • .5 1 .5 0 .066 0 . 1 1 7  0 . 22 
0 • .5 2 .0 0 .059 0 . 1 1 7  0 . 26 
o .6 0 . 5  1 • .5 0 .064 0 . 1 28 0 . 22 
0 . 5  2.0 0.058 0 . 1 27 0 . 26 
o . B 0 .5 1 . 5 0 .063 0 . 1 39 0 .21 
0 • .5 2.0 0 .057 0 . 1 36 0 .25 
0 . 5  2 .5 0 .052 0 . 1 36 0 .29 
1 . 0 0 .5 1 • .5 0 .062 0 . 1 49 0 . 21 
0 . 5  2 .0 0 .0.56 0 . 1 46 0 . 2.5 
0 . 5  2. 5 0.051 0 . 1 4.5 0 . 28 
0 .3 0 . 2  0 • .5 1 • .5 0 .066 0 . 1 02 0 .22 
0 • .5 2 .0 . 0 .059 0 . 1 03 0 .26 
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Table V (continued) 
i', + 0 \=t o k T 
i i.= o  i�:-= 0 
_0. 3 o.4 0. 5 1.5 0.062 0. 1 10 0.21 
0. 5 2.0 0. 056 0. 1 10 0. 25 
o.6 0 • .5 1 • .5 o. o6o 0. 1 18 0.21 
0. 5 2.0 0.0.54 0. 117 0. 2.5 
0. 5 2 • .5 o·.049 0. 118 0. 28 
o . a 0. 5 1.5 0.058 0. 126 0.21 
0.5 2.0 0.052 0. 125 0. 2.5 
0.5 2 • .5 0.048 0. 125 0.28 
1.0  0 • .5 1 • .5 0.0.56 0. 134 0.21 
0.5 2.0 0.051 0. 132 0. 24 
0 • .5 2 • .5 0.046 0. 131 0.28 
o.4 0. 2 0.5 1.5 0.063 0.097 0.21 
0 • .5 2.0 0.057 0.098 0.2.5 
o.4 0 • .5 1 • .5 0.058 0. 103 0.21 
0 • .5 2.0 0.0.53 0. 103 0. 25 
o.6 0.5 1 .5 0.055 0. 109 0.21 
0. 5 2.0 0.0.50 0. 108 0. 24 
o . B  0 • .5 1 . 5 0.053 0. 11.5 0. 20 
0 • .5 2.0 0.048 0. 114 0.24 
1.0 0. 5 1 • .5 0 .0.51 0. 121 0.20 
0.5 2.0 0.046 0. 119 0. 24 
0.5 2. 5 0.042 0. 1 19 0. 27 
0. 5 0. 2 0.5 1 • .5 0.060 0.092 0.21 
o . 4  0.5 1 • .5 0.0.5.5 0.096 0. 21 
0.5  2.0 0. 050 0. 096 0.24 
o .6 0.5 1.5 0.05
1 0. 100 0.20 
o . B 0. 5 1. 5 . 0.048
 0. 10.5 0.20 
0 • .5 2.0 0.044 
0. 104 0 . 23 
0 • .5 . 2 • .5 0.04
1 0. 104 0. 26 
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Table V (continued)  
µ. 
1,·, -:1: 0  
�i
:t o  
k T A i1.= 0  t 4-=..o 
0. 5 1 .0 0.5 1 • .5 0.046 0. 1 10 0.1 9  
0. 5 2.0 0.042 0. 108 0.23 
0 • .5 .2 • .5 0.034 0.1 08 0. 26 
o.6 0. 2 0.5 1 • .5 0.058 0.088 0.21 
1 .0 1 • .5 0.0.56 0.088 0.22 
1 . 5 1 • .5 0.055 0.088 0. 22 
1 . 5 1 .0 0.062 0.088 0. 1 8  
o.4 0.5 1 .5 0.052 0.090 0.20 
0. 5 2.0 0.047 0.090 0.24 
o.6 0. 5 1 .5 0.046 0.093 0.20 
1 .0 1 • .5 0.047 0.093 0.21 
1. 5 1.5 0.044 0.094 0.22 
0. 5 2.0 0.043 0.093 0.23 
o . a  0. 5 1 . 5 0.046 0.096 0. 1 9 
0. 5 2. 0 0. 041 0.09.5 0. 23 
0.5 2. 5 0.038 0.096 0.25 
1.0 0.5 1 • .5 0.042 0.099 0. 1 9 
0.5 2.0 0.038 0.098 0.22 
0.7 0. 2 1 .o 1 . ,5 0.054 0.084 0. 22 
0. 5 1 . 5 0.055 0.084 0.21 
o.4 0 • .5 1 . 5 0.068 0.084 0.20 
1 .0 1 • .5 0.06.5 0.084 0.21 
o.6 0 • .5 1 • .5 0.044 0.086 0. 19 
0. 5 2.0 0.040 0.086 0.23 
o. 8 0 • .5 1 . 5 0. 041 0.088 0. 19 
0.5 2.0 0.037 0. 087 0.22 
1.0 2.0 0.036 0.088 0.23 
1.0 1 • .5 0.039 0. 088' 0.21 
1.0 0.5 1 . 5 0.038 0.090 0. 21 
0.5 2.0 0.035 0.089 0. 21 
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Table V (continued) 
t, -=#: o  � :t o 
A i 2.-= 0 
. ') k T 
1-4--=.
o  
o . a  0. 2 1. 5  1.0 0.0.55 0.080 0. 18 
2.0 1.0 o.o.54 o.oso 0. 19 
2. 5 1 .0 0.0.53 0.079 0. 20 
o.4 0 • .5 1 • .5 0.046 0.079 0. 19 
1.0 1 • .5 - 0. 044 0.079 0.21 
o.6 0.5 1.5 0. 041 0. 079 0. 19 
1.0 1.5 0.039 0. 079 0. 21 
o. 8 0 • .5 1.5 0. 037 o. oso 0.18 
0.5 1.0 0.035 0. 080 0.21 
1.0 0.5 2. 0 0. 032 0. 081 0.21 
0 .5 1. 5 0.035 0. 081 0. 19 
1.0 1.5 O. OJ2 0.081 0.20 
0.9 0. 2 1 • .5 1.0 0. 0.52 0.075 
0. 18 
2. 0 1.0 0 . 0.51 0.075 0.20 
2 • .5 1.0 0.050 0.075 0.21 
3. 0  1.0 0.049 0.075 0. 22 . 
o.4 1.5 1.0 0.043 0.073 
0.19 
2. 0 1.0 0.041 0.073 0.20 
2 • .5 1.0 0.040 0.073 
0.22 
o.6 1. 5 1. 0 0.037 
0.073 0. 19 
2.0 1.0 0.036 0.073 0.21 
o. 8 1. 0 1. 5 0.032 
0.073 0. 20 
0 . 5  1.5 0.034 0.073 0.18 
1 . o  1. 0 1 • .5 0.029 
0.074 0.20 
1 • .5 1.5 0.028 
0. 074 0.22 
1. 0 . 0. 2 3. 0 1.0 
0.046 0. 071 0. 22 
2 • .5 1. 0 0.047 
0. 071 0.21 
2. 0 1.0 0.048 
0. 072 0.20 
1 • .5 1.·o . 0 . 050 
0. 072 0. 19 
o .4 2 • .5 1.0 
0.037 0. 068 0. 22 
1. 0 1 • .5 0.038 
0. 069 0.21 
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Table V ( continued) 
)A 
i. =t- 0 \:t o k T i2.= 0 1-4--=. 0  
. 1 . o  o .6 1 • .5 1 .0 0.034 0.067 0.1 9 
2.0 1 .o 0.032 0.067 0.21 
1 .o 1 • .5 0.033 0.067 0.20 
o . s  1 .0 1 • .5 0.030 0 .067 0.20 
1 • .5 1 • .5 0�028 0.067 0.22 
1 .0 1 .0 1 . 5 0.027 0.067  0.20 
1 . 5 1 . 5 0.02.5 0.067 0.22 
0 . 5  1 .5 0.029 O. Q67 0.1 7 
1 .0 1 .0 0.029 0.067 0.1 7 
1 . 5 1 .0 0.020 0. 067 0. 20 
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� L � 
/.). i, = i'l. 
._i� -=t= o  k T -"-t. 4- -=. 0 
0.1  0.2 0.5 . 1 • .5 0.071 0.1 08 0.1 s 
0.5 2.0 0.064 0 . 1 08 0 .22 
o .4 0.5  1 .5 0.070 0 .1 22 0.1 8 
0.5 2.0 0.063 0.1 21 0.22 
o.6 0.5 1 .5  0. 069 0.1 36 0.1 8 
0 • .5 2.0 0 .062 0. 1 34 0.22 
o.s 0 • .5 1 • .5 0. 068 0.1 .51 0 . 1 8 
0 • .5 2.0 0.061 0. 1 46 0.21 
0 • .5 2 • .5 o . o.56 0.1 46 0 .25 
0.5 3.0 0 . 0.51 0 .1 44 0.27 
1 .0 0 • .5 1 • .5 0.067 0.1 63 · 0.1 7 · 
0 • .5 2.0 0.060 0.1 59 0.21 
0 • .5 2 . 5  0.0.55 0 . 1  .56 0 . 24 
0 • .5 3 .0 0 .051 0. 1 .56 0 . 27 
0.2  0 . 2  0 • .5 1 • .5 0.068 0.1 02 0. 1 8 
0 • .5 2.0 0. 061 0. 1 01 0. 21 
o.4 0 • .5 1 • .5 0.065 0. 1 1 3 0.1 7 
0 • .5 2.0 0.059 0.1 1 2 0.21 
o.6 0.5  1 • .5 0.063 0.1 24 0 . 1 7  
0.5 2.0 0. 057 0. 1 21 0 .20 
0 • .5 2 • .5 0 . 052 0. 1 20 0 .23 
0 �8  0 • .5 1 • .5 0 .062 0.1 34 0.1 6 
0 • .5 2 .0  0 .056 0. 1 31 0 .20 
0 • .5 2 . 5 0 .o  51 0.1 30 0 . 23 
0. 5  3. 0 . 0.047 o._1 29 0 .25 
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Table VI (continued) 
i, = i2-
il ":f. 0 k T A t4- =- 0 
0.2 1.0 0 . 5 1 • .5 0.060 o . 1 45 0.16 
0. 5 2.0 0.0.54 0.142 0.20 
0 .5 2. 5 0.050 0. 138 0.22 
0.3 0 •. 2 0. 5 1 • .5 0 .078 0.096 0.17 
0.4 o . s  1 . 5  0.061 0.104 0. 16 
0.5 2.0 0.055 0. 104 0.20 
o.6 0 • .5 1 . 5 0.058 0. 11 3  0. 16 
0.5 2.0 0.0.53 0. 110 0.19 
0 .5 2.5 0.048 0.110 0.22 
0 .5 3.0 0.04.5 0. 110 0.24 
o .a  0 .5 1.5 0.056 0. 120 0. 15 
0 .5 2.0 0 .0.51 0. 11 s 0. 19 
0. 5 2.5 0.047 0. 116 0.21 
0 .5 3.0 0.043 0. 115 0.23 
1.0 0 • .5 1.5 0.054 0. 128 0. 15 
0 .5  · 2.0 0.049 0.125 0. 18 
0.5 2.5  0.045 0.124 0. 19 
0 . 5  3.0 0.042 0. 122 0.23 
o.4 0. 2 0 • .5 1 • .5 0.062 0.090 0 . 16 
o.4 0 .5 1 • .5 0 .057 0.097 0.16 
0 . 5 2.0 0.052 0.096 0.19 
0 . 5  2 . 5 0.047 0.09.5 0.21 
o.6 0 • .5 1 • .5 0.054 0.103 0.15 
0 • .5 2.0 · 0.049 0. 1 01 0.18 
0 • .5 2.5 0.045 0. 1 01 0.21 
0 • .5 3.0 0.042 0.101 0.23 
o . 8  0 • .5 1 • 5 0.051 0 .109 0.15 
0 • .5 2.0 0.046 0.107 0.1s 
0 . 5  2.5 0.043 0.105 0.20 
0 • .5 3.0 -o ·.040 0.10.5 0.22 , 
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Table VI (continued) 
rJ.. i - i Ji-t
o k T 
I - '2.. t4 := 0 
o.4 1 .0 0 .5 1 . 5 0.049 0. 1 14 0 . 1 4  
0 .5 2.0 0.044 0. 1 1 1 0. 1 7 
0.5 2.5 0.041 0. 1. 09 0. 1 9  
0. 5 3.0 0.038 0. 1 08 0.21 
0.5 0.2 0.5 1 . 5 0. 059 0.086 0. 1 6  
0 • .5 2.0 0 . 053 0.086 0 . 1 9  
o .4 0. 5 1 .5 0 . 053 0.090 0. 1 5  
0 .5 2.0 0. 048 0.089 0 . 1 8 
0. 5 2.5 0.044 0.088 0.20 
o.6 0. 5 1 .5 0.049 0. 093 0. 14 
0. 5 2.0 0.045 0.092 0. 1 7 
0 .5 2 • .5 0.042 0.091 0. 1 9  
o .B o . s 1 . 5 0.046 0.098 0. 14 
0.5  2.0 0.042 0. 096 0. 1 7 
0.5 2. 5 0.039 0.095 0.1 9  
1 .0 0.5 1 . 5 0.044 0. 1 03 0.1 4 
0.5 2.0 0. 040 0. 1 00 0. 1 6  
0.5 2.5 0.037 0. 098 0. 18 
0.5 3.0 0.035 0. 097 0.20 
o.6 0.2 0 . 5 1 . 5 o .o,56 0.081 0. 1 .5 
o .4 0 • .5 1 .5 0.050 0.083 0. 14 
0 . 5  2.0 0.045 0.082 0. 17 
o .6 0.5 1.5 0.045 0. 086 0.14 
0. 5 2.0 0.042 0.084 0. 1 6  
0 .5 2. 5 0.039 0. 083 0. 1 a  
o. a 0. 5 1 . 5 0.042 0.088 0. 1 4  
0. 5 2. 0 0.039 0.087 0. 1 6  
0.5 2 . 5 0. 036 0. 086 0. 1  s 
0 .5 3 . 0  0.034 0. 085 0.19 
1.0 0. 5 1. 5 0.039 0.091 0. 1 3  
0. 5 2. 0 0.036 0.089 O .1 5 
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Table VI (continued) 
ct M i, = i2. �
3-:/=. 0 k T A 1- += o  
o.6 1.0 0. 5 2 • .5. 0.034 0.088 0.17 
0 • .5 3.0 0 .032 0.088 0.19 
0.7 0.2 2.0 1 . 5 0.046 0.076 0.19 
2.0 2.0 0.043 0.077 0.22 
o.4 1 • .5 1 • .5 0.041 0 . 076 0.18 
1 • .5 2.0 0.037 0.076 0.20 
o.6 0 • .5 1. 5 0.048 0.078 0.13  
0 • .5 2. 0 0. 038 0.078 0.16 
0 • .5 2 • .5 0.036 0.077 0.18  
0.5 3.0 0.034 0.077 0.19 
0. 8 0 • .5 1 • .5 0.038 o.oao 0.13 
0. 5 2.0 0.03.5 0.079 0.1 .5 
0. 5 2. 5 0 . 031 0.079 0.16 
0. 5 3.0 0.031 0.077 0.18 
1 . 0 0. 5 1 • .5 0.03.5 0.082 0.12 
0. 5 2.0  0.033 0. 080 0.14 
0. 5 2. 5 0 .031 0.079 0.16 
0 • .5 3 . 0 0.029 0.079 0.18 
0. 8 0.2 1 • .5 1 • .5 0.04.5 0.072 0.18 
2.0 1 • .5 0.043 0.071 0.19 
o.4 1 • .5 1 • .5 0.037 0.070 0.18 
o.6 0. 5 1 • .5 0.039 0.072 0.13  
0. 5 2.0 0 . 036 0.071 0.1.5 
0 • .5 2. 5 0.030 0.071 0. 16 
0.5 3.0 0.029 0.070 0.17 
o.a 0 • .5 1. 5 0.035 0.072 0.12 
0.5 2.0 0.032 0.071 0.14 
0 . 5 2.5 0 .030 0 .071 0.16 
0. 5 3.0  0. 029 0.070 · 0.17 
1.0 1 . 0 1. 5 0 .028 0.072 0.15 
1 . 0 2 .0  0.027 o.07i 0.17 
1 .0 2 • .5 0.025 0 .071 0.18 
1.0 3 . 0 . ,0 . 024 0.070 0.19 
97 
Table VI (continued)  
i -=  i 
i.,_, -:j:. 0 k T 
I '2- i4 =. 0 
. 0.9 0.2 1 . 5 0 • .5 0 . 063 0. 070 0 . 1 1  
2. 0 0. 5 0. 050 0. 068 0 . 1 3 
2. 5 0 . 5 0. 047 0 . 067 0 . 1 5 
3. 0 0 . 5 0.045 0. 067 0 . 1 7  
o .4 2.0 0. 5 0.038 0.065 0 . 1 5 
2. 0 1 . 0 0 . 034 0. 064 0 . 1 s 
2 . 5 1 .0 0. 032 0 . 063 0 . 1 9  
o .6 2 .0  1 . 5 0. 027 0.064 0 . 20 
2. 0 2. 0 0.025 0 . 063 0 .21 
. o .a  1 . o  2 .0  0 .026 0.064 0 . 1 7 
1 .o  2.5 0.02.5 0 .063 0 . 1 a  
1 .0 1 . o  1 . 5 0.028 0 . 064 0 . 1 .5  
1 .o  2. 0 0 .024 0 .063 0 . 1 6 
1 . o  2. 5 0 .023 0 . 064 0 . 1 8  
1 .0 3 . 0  0 .022 0.064 0 . 1 9 
1 .0 0 .2  2 . 0  · 1 . 0 0. 042 0. 063 0. 1 7  
2. 5 1 .0 0.047 0.062 0. 1 9 
3.0 1 .0 0 .037 0. 061 0 . 20 
o.4 2 . 0 · 1 • .5 0 . 029 0.059 0 .20 
2 • .5 1 • .5 0 .038 0.058 0 . 21 
o .6 2 . 0  0. 5 0 .028 0.058 0. 1 7  
2. 5 0 .5 0.025 0 . 0.57 0 . 1 9 
3 . 0  0 . 5 0 .023 0 . 0.56 0. 20 
o . 8 2.0 1 .0 0 .022 0 .057 0. 1 9  
2 • .5 1 .0 0 . 020 0.057 0. 21  
3 . 0  1 . 0 0 .01 8  0.056 0 . 22 
1 , 0 2 . 0  1 . 0 0 .01 9 0.056 0 . 1 9 
2 • .5 1 .0 0 .01 7  0.056 0 . 21 
3.0 1 . 0 0.01 6 0 .056 0 .22 
APPENDIX D 
. COMPUTER PROGRAM 
COMPUTER PROGRPJvI 
FOR SLAB (f) 
Definition of symbols used in the program. 
X =  u 
Y =  µ 
Z1 = t I 
Z2 = · i  
'J,. 
Z3 . = i3 
01 2 = Y,1-
034 = 'l34-
A =  r,� 
l'34-
p = f,_ (of pattern I) 
AM = K 
S = K + M K  
E = i 1'n. + i
3 
m + lm - '2- <t ( �.Mm + \ �nli ) 
D = A 




K + � K + A (� i, M k. + i./· ) 
�J (of pattern II) 




DISK OPERATING SYSTEI1/360 FORTRAN 360N-F0-451 32 
WRITE( 1 2 , 1 0 )  
X=O 
DO 50 I=1 , 1 0 
X=X&. 1 
Y=O 
DO 50 J=1 , 5 
Y=Y&.2 
Z1 =0 
DO 50 K=1 , 8  
Z1 =Z1 &. 5 
ZJ=O 
00 .50 L=1 , 8  
ZJ=ZJ&. 5 
G1 2=2. *SQRT( 1 .&Z1 ) 
GJ4=( 1 .&SQRT( 1 .&ZJ ) ) 
A=G1 2/GJ4 
P=SQRT( 1 .&Z1 ) * (Y*X**2) /GJ4*( SQRT(A**2&J . /(Y*X**2 ) ) -A )  
IF(P-. 5) 6 , 8 , 8 
6 AM=( 1 . / (6 . *GJ4**2 ) ) * ( SQRT(J.&Y* (X*A) **2 )-X*A*SQRT(Y) ) **2 
B=AM 
S=( 1 .&Y) *B 
AN=2. *Z1 *Y*B&ZJ*B 




1 2  R=( 1 . /24. ) * ( ( 1 . -D) **2) * ( SQRT ( J .&( ( 1 . -D) **2) /( ( 1 . -2. *D) **2) * (X* *2 ) * 
1 Y) -( 1 . -D) / ( 1 . -2. *D) *X*SQRT(Y) ) **2 . . 
IF( ABS( B/R-1 . ) -. 1 )  1 , 1 , 1 3  
1 3 D=D&. 0 1  
GO TO 1 2  
1 BN=AN*D 
T=S&BN 
GO TO 5 
8 E1 =SQRT( 1 .&ZJ ) / (Y* ( X**2 ) *G1 2) * ( SQRT( 1 . / (A**2)&J. *Y*( X**2 ) ) -1 . /A) 
E2=E1 /( SQRT( 1 .&ZJ ) )  
E3=E1 &E2 
IF(EJ-1 . )  3 , 7 , 50 
3 AM=( 1 . /(6 . *( X**2 ) *Y*( G1 2**2) ) ) *( SQRT(J.&1 . /(Y* (X*A ) **2 ) ) -1 . / ( X*A*S 
2QRT(Y) ) ) **2 
B=AM 
S=( 1 .&Y) *B . 
AN=2 . *Z1 *Y*B&ZJ*B 
E=SQRT( B)&SQRT ( �Z3*B) -2. *X*( SQRT(B*Y&Z1 *Y*B) ) 
Z2=Z1 
D= . 05 
10 1  
1 5 R=( 1 . /24. ) *( ( 1 . -D) **2 ) * (SQRT ( J.&( ( 1 . -D) **2 ) / ( ( 1 . -2. *D) **2 ) * (X**2) * 
JY) -( 1 . -D) / ( 1 . -2. *D) *X*SQRT(Y) ) **2 
IF(ABS(B/R-1 . ) -. 1 )  2 , 2 , 1 4  
· 1 4  D=D& . 0 1  
GO TO 1 5 
2 BN=AN*D 
T=S&BN 
GO TO 5 
. . 7 AM=( 1 . ) / ( 3. * ( ( X* *2 ) *Y* (G1 2* *2)&(GJ4**2 ) ) ) 
B=AM 
S=( 1 .&Y) *B 
AN=2. *Z1 *Y*B&ZJ*B 
E=SQRT(�)&SQRT( B&Z3*B)-2. *X* ( SQRT {B*Y&Z1 *Y*B) ) 
Z2=Z1 
D=.05 
1 7 R=( 1 . /24. ) * ( ( 1 . -D) **2) * (SQRT( J.& ( ( 1 . -D) **2) / ( ( 1 . -2. *D) **2 ) * (X**2 ) * 
4Y)- ( 1 . -D) / ( 1 . -2. *D) *X*SQRT(Y) ) **2 . 
IF(ABS(B/R-1 . ) -. 1 ) 4 , 4 , 1 6 
1 6  D=D&. 01 
GO TO 1 7 
4 BN=AN*D 
T=S&BN 
GO TO 5 
5 WRITE( 1 2 , 1 1 ) X ,Y , Z1 , Z2 , Z3 , P , E , D, AM, S ,AN, BN , T 
50 CONTINUE 
10 FOR.lv'..AT ( 1 H , 4X, 1 HX, 6X , 1 HY, 6X, 2HZ1 , 5X, 2HZ2 , 5X, 2HZ3 , 5X, 1 HP , 6X, 1 HE, 6X, 
51 HD , 8X, 2HAM, 8X, 1 HS , 9X, 2HAN, 8X, 2HBN, 1 0X, 1 HT )  
1 1  FORY�T( 1 H  , 8F?. 2 , 3F1 O. 3 , 2F1 2. 5) 
END 
